Introduction
Over the last decades, obesity has become a public health issue, since it is the most prevalent nutritional disorder in adults and children (1, 2) . This disorder alone is considered a risk factor for the development of several diseases, such as dyslipidemia and fatty liver (FL). The latter has been calling the attention of specialists due to its high prevalence among obese individuals (3) . FL represents a spectrum of liver disorders that are histologically unified by macrovesicular fatty liver in the absence of excessive alcohol intake (4) ; however, it can cause liver cirrhosis and even liver carcinoma if not treated in time (5, 6) . Dyslipidemia is characterized by alterations in the plasma levels of one or more lipids or lipoproteins, e.g., triglycerides, total cholesterol and its fractions (HDL-and LDL-cholesterol) (7) . Since obesity is one of the main risk factors for the development of dyslipidemia and FL (8, 9) , the reduction in body weight with non-pharmacological interventions is the most accepted method for the majority of population, including the pediatric one. These interventions are based on dietary reeducation and regular physical activity, which is the focus of several studies that aimed to identify which training models are more effective in the treatment of obesity and related diseases.
From this perspective, concurrent training has been proposed as a treatment for obesity and its complications, consisting of a training program that combines weight and aerobic exercises in the same session (10) . Strength exercises are responsible for improvements in body composition, such as an increase in bone and lean masses as well as a reduction in total body weight and absolute and relative fat mass (11) . In parallel to this, aerobic exercises collaborate in the reduction and control of total body fat (12, 13) and promote beneficial changes in individuals' lipid profile by reducing lipoproteins and triglycerides and increasing HDL-cholesterol (14) . Thus, the aim of this study was to analyze the effects of a 20-week concurrent training program on the variables of body composition, lipid profile and fatty liver diagnosis in obese adolescents.
Method
The present study is an open clinical trial carried out in 2010 in the city of Presidente Prudente, located in the western region of São Paulo state, Brazil. This study used the following inclusion criteria:
• Classification of obesity according to the pediatric body mass index (BMI) for age and gender, based on the criteria published by Cole et al (15) , and to waist circumference (WC), based on the criteria by Taylor et al (16) .
• Age between 12 and 15 years on the day of assessment.
• Absence of clinical conditions that made physical activities impossible.
• A free and informed consent for participation in the program signed by the parents or legal guardians.
Patients who missed three consecutive sessions were removed from the extension program.
Subjects participated in a program for the treatment of obesity aimed at children and adolescents aged between 6 and 15 years that was conducted at the Science and Technology Faculty, which is on the Presidente Prudente campus of the Universidade Estadual Paulista (FCT/Unesp).
Participants were screened by body composition assessment and, after initial measurements were taken, blood tests and upper abdominal ultrasound were scheduled. Both evaluations were conducted at specialized facilities in the city of Presidente Prudente.
All care was taken concerning ethical issues. Subjects were invited to take part voluntarily in the study and, along with their parents or legal guardians, were informed in detail about the study objectives and about how data would be collected. Only subjects who provided a signed free and informed consent were enrolled. The study was approved by the Research Ethics Committee at the FCT/Unesp, under protocol number 07/2009. Body mass was measured using a Filizola mechanical balance (Filizola S.A Pesagem e Automação, São Paulo, Brazil), accurate to 0.1kg, and height was measured using a fixed, wooden stadiometer, accurate to 0.1cm. Based on these measurements, we calculated BMI.
Total body and trunk fat were estimated using a Lunar DPX-NT (Lunar/GE Corp, Madison, Wisconsin) double emission X-ray absorptiometry machine. Body fat percentage (BF%), total fat mass (TFM), lean body mass (LBM), and trunk fat percentage (TF%) were measured. Trunk fat mass was classified according to the age and sex specific references proposed by Taylor et al (16) . Blood tests were conducted at a specialized laboratory in order to characterize lipid variables, after 12 hours' fasting, and measured triglycerides, total cholesterol and its fractions (HDL, LDL, VLDL), according to the reference values proposed in the III Brazilian Guidelines on Dyslipidemias of the Brazilian Society of Cardiology (17) . Upper abdominal ultrasound scan was performed according to medical and literature recommendations, with four hours' fasting, in order to diagnose FL and measure the thickness of right (RL) and left lobes (LL) of liver and intraabdominal (IAF) and subcutaneous fat (SF).
During the 20 weeks of the study, adolescents trained three times per week for one hour per session/day. At the beginning of activities, there was a four-week period of neuromuscular adaptation, both for aerobic activities and resistance exercises, and after this period the intensity of effort was monitored by a Polar heart rate monitor (Heart Rate Monitor, model S810, Finland). The equipment was used to guarantee that participants spent 70% of the time in the aerobic zone (65 to 85% of maximum heart rate). As for weight training, maximum loads were estimated by the 12-repetition maximum test, in order to establish the intensity of training aimed at muscular strengthening (between 65 and 75% of maximum repetition value).
The concurrent training consisted of 30 minutes of aerobic activities (walking or running) and 30 minutes of resistance work with weight exercises, which was performed at the university gym with the purpose of developing the strength of several muscular groups (legs, arms, abdomen, pectoral, shoulder, back, and hip).
Resistance exercises were developed in the form of circuit and each station comprised the following activities: leg press at 45º, dorsal, triceps extension, hack squat, incline bench press, lateral raise, leg curl, arm curl, leg extension, sit-up, seated row, and chest press. Each station was performed once, with sets of 15 to 20 repetitions and one to two-minute rest between exercises, and sit-ups were performed on the ground using only body weight.
Statistical treatment was carried out using descriptive analysis, in which the values obtained were expressed as mean and standard deviation. Paired Student's t test was used to compare variables before and after intervention. Wilcoxon's test was used to analyze the effect of the intervention on the degrees of FL. An additional analysis was run with the McNemar's test to verify the effect of the intervention on those subjects who had some degree of the disease at the start of the study. Analyses were performed using Statistical Package for the Social Sciences (SPSS) software, version 17.0 (Inc. Chicago. IL). Statistical significance was set at 5%.
Results
The study included 34 obese adolescents, 12 of which were girls and 22 were boys, with ages between 12 and 15 years (13.7±1.17). Table 1 presents means and standard deviations before and after 20 weeks' intervention, showing a significant increase in height and LBM (kg) simultaneously with a decrease in TFM (kg), BF%, TF%, RL, LL, total cholesterol, and LDL. Table 2 presents absolute and relative values for FL prevalence before and after the 20 weeks of intervention, divided into degrees of disease severity, showing an absolute and relative reduction in the prevalence of the disease, although with no statistical significance. In addition, when only individuals with abnormal liver results were analyzed, it was observed that, of the nine adolescents with FL at the start of the study, eight of them (88.9%) had a reduction in the degree of disease severity after the intervention (p=0.008).
Discussion
Epidemiological studies suggest that excess adiposity in the pediatric population is a risk factor for the development of several metabolic disorders, such as FL, which can worsen in adulthood if not treated early (18, 19) . Evidence suggests that FL affects 2.6% of children and 9.6% of adolescents, and its worldwide prevalence in the obese pediatric population ranges from 12 to 80% (20, 21) . In the United States, this prevalence ranges from 42 to 77% in obese children and adolescents between 8 and 18 years (22) , and from 6 to 23% in overweight children (23) . The present study aimed to verify the effect of a 20-week intervention program of concurrent training on body composition, lipid profile and FL diagnosis in an obese pediatric population. The practice of regular and systematized physical activity is proposed as a method for preventing and treating obesity and its associated diseases, helping in the reversion of metabolic and hemodynamic changes and showing good acceptance among different populations (24) . The study evidenced significant changes, with an increase in lean mass and a reduction in fat mass simultaneously with BF%, with emphasis on TF%, total cholesterol, LDL-cholesterol and liver lobes after the intervention period. The literature provides evidence that there was an inverse relationship between energy expenditure from systematized and regular physical activity and the accumulation of fat; therefore, it is observed that the practice of exercises, especially aerobic exercises, helps to reduce body weight and fat percentage, besides helping to increase lean and bone masses and promoting improvements in metabolic aspects (25) . In a study similar to ours, Foschini et al (26) analyzed the efficacy of a 14-week multidisciplinary treatment in postpuberal obese adolescents who underwent concurrent training and observed a significant reduction in the variables of body composition, such as BMI, BF%, body mass, subcutaneous and intra-abdominal fat, as well as a decrease in biochemical and hemodynamic variables. A study by Leite et al (12) with obese children demonstrates significant improvements in body composition conferred by physical activity and nutritional counseling, explaining the importance of a multiprofessional approach for the treatment of obesity.
In the present work it was observed that the intervention with concurrent training was effective in the treatment of FL, since there was an improvement in the diagnosis of this disease in the analyzed sample, as shown in Table 2 . The reduction in the number of adolescents with FL may be explained by the decrease in the values of trunk fat and by the improvement in the lipid profile. However, only LDL-cholesterol had a statistically significant reduction.
In a research conducted by Dâmaso et al (27) to verify the effect of a multidisciplinary treatment with obese adolescents who performed aerobic exercises and gymnastics for 12 weeks, it was observed a significant decrease in total body mass and subcutaneous fat as well as a reduction in FL prevalence both for RL and LL, although with no statistical significance. Such findings were also reported in the present investigation; notwithstanding, the study population showed a significant reduction in the size of liver lobes, which may have contributed to reduce the presence of FL in the adolescents.
It is known that continuous and systematic training leads to a decrease in serum levels of triglycerides, total cholesterol and LDL-cholesterol, besides increasing HDL-cholesterol levels and lean mass (28) . Such results were found in this study, which showed a significant reduction in total cholesterol and LDL-cholesterol and an increase in HDL-cholesterol levels, although not statistically significant in both groups.
The data from the present study are important to elucidate the effects of a training intervention on obesity and FL. However, it is necessary to mention that this study has limitations, such as the lack of nutritional counseling accompanying the proposed training and the small sample size. Additionally, the scarcity of studies analyzing the effects of concurrent training in the pediatric population makes it difficult to compare different samples.
Based on the results obtained, it can be concluded that concurrent training was effective for promoting the reduction in FL prevalence, the decrease in the size of liver lobes, and some changes in body composition parameters, with the reduction in BF%, fat mass, fat trunk percentage and the increase in lean body mass, besides leading to improvements in variables of lipid profile.
